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Abstract 
All-inorganic perovskite solar cells have become more important in the commercialization of the photovoltaic 
devices. In this study the structural, electronic properties of inorganic metal halide cubic perovskites CsPbX3 (X 
= I, Br, Cl) for perovskite solar cells are simulated using first-principles Density Functional Theory (DFT). The 
newly adjusted parameters make the calculations more accurate. These compounds are semiconductors with 
direct band gap energy. Results suggest that the α-CsPbX3 (X=I, Cl, Br) have a wide bandgap adjustment range 
with potential application in solar cells and other optoelectronic energy devices. On the basis of the electronic 
properties, one can expect that the α-CsPbI3 would be a better used to perovskite solar cell. α -CsPbCl3 and α-
CsPbBr3 better suitable for others photovoltaic device. 
Keywords: All-inorganic perovskite; α-CsPbX3 (X=I, Cl, Br); electronic properties; DFT. 
1.Introduction 
All-inorganic perovskite solar cell materials have shown significantly improved performance in recent years. 
metal halide perovskites have drawn a great attention in the scientific community due to their remarkable 
performance in solar cells thanks to their outstanding opto-electronic properties such as suitable bandgap, high 
optical absorption, broad absorption spectrum, long charge diffusion lengths and high charge carrier mobility [1-
5]. Metal halide perovskite materials are expressed as ABX3 in chemical formula, where A and B are 
monovalent and divalent cations and X is a halogen anion [6].  
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α-CsPbX3 (X=I, Cl, Br) perovskite materials containing halogen elements are widely used in solar cells. Among 
them, the conversion efficiency of α-CsPbI3 has reached 17.1% [7]. From the first report to the present, all 
inorganic perovskite α-CsPbI3, α-CsPbBr3, α-CsPbCl3, α-CsSnI3, α-CsGeI3 have been extensively studied, α-
CsPbI3, α-CsPbBr3, α-CsPbCl3 showed good band gap and photoelectric conversion properties. Further 
development of α-CsPbX3 (X=I, Cl, Br) semiconductor materials for other photovoltaic applications, a deeper 
and fundamental understanding the electronic properties of the semiconductors is necessary. Therefore, it is 
important to understand the difference in electronic properties between α-CsPbX3 (X=I, Cl, Br) materials [8-11]. 
The investigation of the electronic properties of solids is important for better understanding the optical 
properties of the materials. The study of the electronic properties also reveals the response of a material to light. 
Therefore, the structure and electrical properties of the material are calculated by density functional theory. The 
results show that as the doping ionic radius increases, the band gap of α-CsPbX3 (X=I, Cl, Br) decreases, the 
band gaps of CsPbI3 (1.483eV), and CsPbBr3 (1.782 eV) are suitable for use in solar cells. 
2. Theoretical model and calculation method 
The first-principles density functional theory (DFT), calculations have been performed using the plane wave 
pseudopotential method as implemented in CASTEP module of Materials Studio 2017[12-14]. The geometric 
structure of each α-CsPbX3 (X=I, Cl, Br) sample was optimized using the generalized gradient approximation 
(GGA) and Perdew–Burke–Ernzerhof (PBE) functional with a cutoff energy of 500 eV [15]. The Brillouin zone 
was sampled with 8×8×8 Monkhorst and Pack k-points. The convergence thresholds of 1 × 10
−5
 eV/atom for the 
total energy, 0.03 eV/Å for the maximum force [16-18], 0.05 GPa for maximum stress, and 1×10
-3
Å for the 
maximum displacements were used to optimize the geometry of crystal structure. Electronic properties of all 
samples were simulated based on the crystal structures. 
3. Crystal structure 
In the Fig. 1, show that crystal structure of perovskite. In the Table. 1, show that lattice constant of α-CsPbX3 
(X=I, Cl, Br) perovskite. The unit cell volume of α-CsPbBr3 and α-CsPbCl3 is smaller than that of α-CsPbI3, 
because Cl (1.81Å) and Br (1.96Å) are smaller than the I (2.2Å) ion radius [18-19], the unit cell volume is 
reduced. This trend is consistent with the experimental results in other articles. 
 
Figure 1: crystal structure of α-CsPbX3 (X=I, Cl, Br). green, brownish, pink, grey, and purple spheres denote Cl, 
I, Br, Pb, and Cs, respectively. 
American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2019) Volume 61, No  1, pp 1-6 
3 
 
 
Table 1: Calculated lattice parameters of α-CsPbX3 (X=I, Cl, Br). 
Formula a b c V 
α-CsPbI3 6.4043Å 6.4043Å 6.4043Å 262.6737Å
3
 
α-CsPbBr3 5.9983Å 5.9983Å 5.9983Å 215.8197Å
3
 
α-CsPbCl3 5.7341Å 5.7341Å 5.7341Å 188.5400Å
3
 
 
4. Electronic properties 
In the Table. 2, show that bandgap value of α-CsPbX3 (X=I, Cl, Br) perovskite. This work calculated bandgaps 
have a good agreement with previous theoretical works and experimental results [20]. In the Fig. 2~ Fig. 4, α-
CsPbX3 (X=I, Cl, Br) perovskites have a direct bandgap in cubic phase at the R point. The results show that 
dope ion radius decrease lead to causes the bandgap to increase which has been denoted in the band structure. 
The interaction between the p-orbital of the Cl and Br atom and the s-orbital of the Pb atom is greater than the 
interaction between the p-orbital of the I atom and the s-orbital of the Pb atom. In α-CsPbCl3, the minimum 
value of the conduction band has a considerable upward shift, and the band gap of the compound is larger than 
that of α-CsPbBr3 and α-CsPbI3.The study of the electronic band structure suggests that the pattern of the band 
structure is almost not affected by difference in the radius of the halogen ions. Due to this characteristics, α-
CsPbX3 (X=I, Cl, Br) are suitable to be used in light emitting diodes as the band gap of these materials can 
easily be tuned by changing the halogen elements while the other properties remain almost same. 
 
Figure 2: Band structure and DOS of α-CsPbCl3. 
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Figure 3: Band structure and DOS of α-CsPbBr3. 
In order to study the electronic properties more carefully, their density of states have been shown in Fig. 2~ Fig. 
4. On the picture of DOS, bandgap of each structure is clear too. The area where DOS is zero represents the 
bandgap which is the same as designated values in band structure of each compound. 
 
Figure 4: Band structure and DOS of α-CsPbI3. 
Table 2: Band gap of α-CsPbX3 (X=I, Cl, Br) perovskite material. 
 
 
 
 
5. Conclusion 
In this study, the structural and electronic properties of α-CsPbX3 (X=I, Cl, Br) have been investigated using 
density functional theory simulation. Research indicates, the ionic radii of the halogen elements are different, 
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Formula This work Eg Other work Eg Experiment Eg 
α-CsPbI3 1.483eV 1.479eV 1.73 eV 
α-CsPbBr3 1.782 eV 1.796 eV 2.3 eV 
α-CsPbCl3 2.219eV 2.202 eV 3.0 eV 
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this results in a difference in the unit cell volume of the α-CsPbX3 (X=I, Cl, Br) material, resulting in the band 
gap of α-CsPbX3 (X=I, Cl, Br) tunable from 1.486eV to 2.219eV. The α-CsPbI3 and α-CsPbBr3 can be applied to 
solar cells due to the small band gap value. The ionic radius of the halogen element in α-CsPbX3 (X=I, Cl, Br) 
does not change the band structure of α-CsPbX3 (X=I, Cl, Br), because the band gap structure of the material is 
related to the lattice structure of the material, the change in ionic radius does not affect the lattice structure of the 
material, so the three materials have similar energy band diagrams, Therefore, α-CsPbX3 (X=I, Cl, Br) is 
suitable for the light emitting diodes (LED). The three materials involved in this research have important 
guiding significance for the future development of solar cells and LEDs. 
Acknowledgement 
Thanks to Professor Haiming Zhang for his guidance during the research process. 
References 
[1] Eperon, G. E., Leijtens, T., Bush, K. A., Prasanna, R., Green, T., Wang, J. T.-W., Snaith, H. J. (2016). 
Perovskite-perovskite tandem photovoltaics with optimized band gaps. Science, 354(6314), 861–865. 
[2] Im, J.-H., Lee, C.-R., Lee, J.-W., Park, S.-W., & Park, N.-G. (2011). 6.5% efficient perovskite quantum-
dot-sensitized solar cell. Nanoscale, 3(10), 4088. 
[3] Lee, M. M., Teuscher, J., Miyasaka, T., Murakami, T. N., & Snaith, H. J. (2012). Efficient Hybrid Solar 
Cells Based on Meso-Superstructured Organometal Halide Perovskites. Science, 338(6107), 643–647. 
[4] Saffari, M., Mohebpour, M. A., Rahimpour Soleimani, H., & Bagheri Tagani, M. (2017). DFT analysis and 
FDTD simulation of CH 3 NH 3 PbI3−xClx mixed halide perovskite solar cells: role of halide mixing 
and light trapping technique. Journal of Physics D: Applied Physics, 50(41), 415501. 
[5] Zhang, Y., Zhang, H., Zhang, X., Wei, L., Zhang, B., Sun, Y., … Li, Y. (2018). Major Impediment to 
Highly Efficient, Stable and Low-Cost Perovskite Solar Cells. Metals, 8(11), 964. 
[6] Kojima, A., Teshima, K., Shirai, Y., & Miyasaka, T. (2009). Organometal Halide Perovskites as Visible-
Light Sensitizers for Photovoltaic Cells. Journal of the American Chemical Society, 131(17), 6050–
6051.  
[7] Wang, Y., Zhang, T., Kan, M., & Zhao, Y. (2018). Bifunctional Stabilization of All-Inorganic α-CsPbI 3 
Perovskite for 17% Efficiency Photovoltaics. Journal of the American Chemical Society, 140(39), 
12345–12348. 
[8] Akkerman, Q. A., Gandini, M., Di Stasio, F., Rastogi, P., Palazon, F., Bertoni, G., Manna, L. (2017). 
Strongly emissive perovskite nanocrystal inks for high-voltage solar cells, 2016.194 
[9] Eperon, G. E., Paternò, G. M., Sutton, R. J., Zampetti, A., Haghighirad, A. A., Cacialli, F., & Snaith, H. J. 
American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2019) Volume 61, No  1, pp 1-6 
6 
 
(2015). Inorganic caesium lead iodide perovskite solar cells. Journal of Materials Chemistry A, 3(39), 
19688–19695. 
[10] Stranks, S. D., Eperon, G. E., Grancini, G., Menelaou, C., Alcocer, M. J. P., Leijtens, T.,Snaith, H. J. 
(2013). Electron-Hole Diffusion Lengths Exceeding 1 Micrometer in an Organometal Trihalide 
Perovskite Absorber. Science, 342(6156), 341–344.  
[11] Ramasamy, P., Lim, D.-H., Kim, B., Lee, S.-H., Lee, M.-S., & Lee, J.-S. (2016). All-inorganic cesium 
lead halide perovskite nanocrystals for photodetector applications. Chemical Communications, 52(10), 
2067–2070. 
[12] Kohn, W., & Sham, L. J. (1965). Self-Consistent Equations Including Exchange and Correlation Effects. 
Physical Review, 140(4A), A1133–A1138. 
[13] Hohenberg, P., & Kohn, W. (1964). Inhomogeneous Electron Gas. Physical Review, 136(3B), B864–
B871. 
[14] Clark, S. J., Segall, M. D., Pickard, C. J., Hasnip, P. J., Probert, M. I. J., Refson, K., & Payne, M. C. 
(2005). First principles methods using CASTEP. Zeitschrift Für Kristallographie - Crystalline Materials, 
220(5/6),567-570. 
[15] Perdew John P, Burke Kieron, Ernzerhof Matthias (1996) Generalized gradient approximation made 
simple, Physical Review Letters 77: 3865-3868. 
[16] Fischer, T. H., & Almlof, J. (1992). General methods for geometry and wave function optimization. The 
Journal of Physical Chemistry, 96(24), 9768–9774. 
[17] Monkhorst, H. J., & Pack, J. D. (1976). Special points for Brillouin-zone integrations. Physical Review B, 
13(12), 5188–5192. 
[18] Vanderbilt, D. (1990). Soft self-consistent pseudopotentials in a generalized eigenvalue formalism. 
Physical Review B, 41(11), 7892–7895.  
[19] Jong, U. G., Yu, C. J., Ri, J. S., Kim, N. H., & Ri, G. C. (2016). Influence of halide composition on the 
structural, electronic, and optical properties of mixed CH3NH3Pb(I1-xBrx)3 perovskites calculated 
using the virtual crystal approximation method. Physical Review B,94.125139 
[20] Roknuzzaman, M., Ostrikov, K., Wang, H., Du, A., & Tesfamichael, T. (2017). Towards lead-free 
perovskite photovoltaics and optoelectronics by ab-initio simulations. Scientific Reports, 7(1), 14025.  
 
 
